The aim of this short review is to describe the role of the major histocompatibility complex (MHC) in the regulation of T lymphocyte function.This genetic complex, which includes the immune response (Ir) genes, imposes certain restrictions on the immune system. The clinical relevance of these findings is indicated by the well-known associations between particular HLA antigens and disease susceptibility. An abnormal immune response appears to play a major role in the pathogenesis of many of these diseases. It The function of each of these cell types is subject to genetic variability. Macrophages in mice bred selectively for vigorous humoral immune responses bind antigen more efficiently than those from mice bred for low antibody responsiveness (Wiener and Bandieri, 1974) . Inherited defects in T lymphocyte functions are known to vary from failure of thymus development in nude mice to single enzyme deficiencies (Giblett et al., 1975) . A selective deficiency in suppressor T lymphocyte function has been demonstrated in mice of the New Zealand Black strain, which are subject to multiple autoimmunity (Allison et al., 1971) . Inherited abnormalities of B cell function may be generalised, as in the Bruton type of agammaglobulinaemia, or confined to a single immunoglobulin class. A high level of serum IgE, which may result in multiple allergies, is also under simple genetic control (Marsh et al., 1974) . In all of these examples the variability in the immune response is not specific for individual antigens.
Antigen specificity in immune responses is determined primarily by antibody. The antigen receptor of B lymphocytes is antibody, and there is increasing evidence that the T lymphocyte receptor includes the variable regions of immunoglobulin heavy chains (reviewed by Eichmann, 1976; Krawinkel et al., 1977) . The nature of the remainder of the T cell receptor is unknown.
Genetic defects in B and T cell function that are antigen specific could therefore be due to lack of appropriate antibody molecules. An The repertoire of antigen-binding sites available therefore seems to be very similar between all individuals. Differences in antibody quality may be detected, however. Mice of the C57 strain make antibody to the hapten NP (4-hydroxy 3-nitrophenyl acetyl) that has higher affinity for the related hapten NIP (4-hydroxy-5-iodo-3 nitrophenyl acetyl) (Imanishi and Makela, 1975) .This unusual characteristic, which reflects a particular conformation of amino-acids at the binding site, is inherited as a trait linked to an immunoglobulin constant region genetic marker, or allotype. As V and C genes are genetically linked, this means that the fine specificity of this antibody is determined by an inherited germ line V gene. The antibody response to this hapten in C57 mice is dominated by one antibody species with this unique variable region (McMichael et al., 1975) . Similar results have been found with some other antigens (Blomberg et al., 1972; Hansburg et al., 1977; Makela et al., 1978) . Small, genetically determined, differences in antibody affinity for particular antigens between individuals may be clinically important in determining whether immune complexes are formed (Passwell et al., 1974) .
If the T cell receptor is also antibody one might expect the range of antigens recognised by T cells to be as great as that 'seen' by B cells. Paradoxically this is not the case (reviewed by Paul and Benacerraf, 1976 (Benacerraf and McDevitt, 1972 (Gordon and Simpson, 1977; Schmidt-Verhulst and Shearer, 1975) . Thus each individual (mouse) has its immune response to a large series of antigens controlled by MHC products. The level at which Ir genes operate appeared to be on the T helper cell recognition of macrophage associated antigen (Benacerraf and McDevitt, 1972 Although these results were obtained in experimental animals, the same phenomena are now being described in humans (Greenberg et al., 1975; Bergholtz and Thorsby, 1977; Goulmy et al., 1977; Dickmeiss et al., 1977) . In this review I shall base the discussion on the results of our experiments on the role of HLA antigens in cytotoxic T cell function (McMichael et al., 1977; McMichael, 1978) . These results, which illustrate the restrictions placed on immune responses by the MHC, support a hypothesis that explains the mechanisms involved and how Ir genes work.
Cytotoxic T lymphocytes
The natural function of cytotoxic T lymphocytes (CTL) is probably to eliminate virus infected cells. Virus is thus destroyed before it has been assembled in the cell or on its surface. Their importance in control of human virus infection is indicated by the normal recovery from and immunity to viral infections such as influenza in patients with agammaglobulinaemia.
Human CTL specific for influenza virus have been studied in vitro (McMichael and Askonas, 1978) . Lymphocytes from volunteer donors were sensitised in vitro with autologous lymphocytes that had been infected with the virus. The surface of the latter cells differed from normal in the presence of influenza virus proteins in the membrane. No CTL were present before sensitisation and a period of culture for at least four days was essential for their generation. Virus-infected cells or inactivated virus were essential to stimulate the generation of CTL. As all donors had at some time suffered from influenza virus infection this sensitisation in vitro may be regarded as a secondary immune response. The cells with cytotoxic activity were shown to be T lymphocytes and lysed target cells directly without the intervention of antibody.
CTL activity was measured by testing the cultured lymphocytes on freshly prepared peripheral blood lymphocytes that had been infected with influenza virus and radiolabelled with sodium chromate-51. Lysed cells released 51Cr into the medium, which was measured in a gamma counter.
The CTL showed specificity for virus. This was shown by sensitising two samples of blood lymphocytes, from one donor, to influenza A and B in parallel. The CTL generated showed specificity for the sensitising virus type A or B (Fig. 1) .
The CTL also showed specificity for the HLA type of the target cell. This is illustrated by the experiments shown in Fig. 2 (Doherty et al., 1976) . As with the human, many of the viruses studied have been pathogenic to mice-for example, LCMV and ectromelia (Zinkernagel and Doherty, 1974; Gardner et al., 1975 Two interpretations of these results have been proposed (Zinkernagel and Doherty, 1974 This particular cell interaction has been extensively investigated in guinea-pigs and mice . T lymphocytes (almost certainly TH cells) from immune mice or guinea-pigs proliferated in vitro when incubated with macrophages that had been briefly exposed to antigen. The proliferation was abolished by treatment of the macrophages with anti-Ia antibody (Shevach et al., 1972) . As (Swierkosz et al., 1978) .
The way in which TH cells recognise antigen is therefore reminiscent of the way that CTL recognise antigen, the main difference being the region of the histocompatibility complex involved. These genetic restrictions on TH activity were originally described in experimental animals but there is increasing evidence that human TH cells react in the same way (Bergholtz and Thorsby, 1977 (Tada et al., 1975; Rich and Rich, 1975) and in man (Engleman et al., 1977) . The picture is complicated by suppressor factors secreted by suppressor cells that carry I region (of the I-J or I-C subregion) determinants and transfer the antigen specificity between cells in vitro (Theze et al., 1977) . In some instances the suppressor factors show a restriction for the antigen type of the T cell on which it acts (Tada et al., 1975 Zinkernagel et al. (1978) showed that the T cells were 'taught' which histocompatibility antigens to recognise as self in the thymus. In these experiments, described in Fig. 4 Fink and Bevan (1978) , and von Boehmer et al. (1978) are reminiscent of a proposal by Jerne (1971) The simplest explanation for all the data relating to CTL and TH cells therefore is that they react to self histocompatibility antigens altered by foreign antigen. This view, however, is not universally accepted and alternative models have been cogently argued (Blanden and Ada, 1978) . It is difficult to explain antigen specificity associated with particular H antigens, or the recent results of Doherty et al. cited above, by the dual receptor models.
Conclusions
That the genetic regulation of T lymphocyte function by the MHC has some clinical importance is indicated by the many associations between HLA antigens and disease susceptibility (Batchelor and Morris, 1977 al., 1976) .
The idea that HLA antigens play a direct role in immunity to infectious diseases is very attractive because it gives a possible explanation for the extreme polymorphism and geographical variation found with this system (Bodmer, 1972; Piazza et al., 1967) . Disease epidemics, such as the influenza of 1918-9 which killed more than 20 million people (Kaplan and Webster, 1977) 
